. Since the artificial substrate p-nitrophenyl phosphate could serve as a donor, and it appeared that radioactive p-nitrophenyl phosphate could be synthesized, it was felt that the enzymatic synthesis of radioactive nucleotides utilizing (32P) p-nitrophenyl phosphate and the enzyme could prove to be tuseful in the identification of nucleosides.
The existence of a group of enzymes, nucleoside phosphotransferases, which catalyzed the transfer of phosphate from such donors as p-nitrophenyl phosphate, phenyl phosphate and nucleotides to nucleosides has been documented (2, 3, 16) . Since the artificial substrate p-nitrophenyl phosphate could serve as a donor, and it appeared that radioactive p-nitrophenyl phosphate could be synthesized, it was felt that the enzymatic synthesis of radioactive nucleotides utilizing (32P) p-nitrophenyl phosphate and the enzyme could prove to be tuseful in the identification of nucleosides.
In studies on the terminal groups of ribosomal RNA it is either necessarv to have large quantities of RNA available or to utilize techniques capable of detecting small amounts of the terminal groups. Often it is not feasible to obtain large quantities of material and con,sequently the latter method must be pursued. This paper then reports the isolation and partial purification of nucleoside phosphotransferase from carrot leaves, the synthesis of (32p) p-nitrophenyl phosphate, and the use of these reagents as a new method for the identification and detection of small quantities of nticleosides. especially termini released by alkaline hvdrolysis of ribosomal RNA molecules. We have tested the efficacy and the validity of the method by utilizing it in the identification of the 5'-linked termini (free 2',3'-hydroxyl termini) of cauliflower ribosomal RNA in this laboratory by several methods (6) . The major disadvantages of the methods currently in use are that (a) they require exceedingly large quantities of RNA which involves manipulations that are bulky and laborious, and (b) the techniques for detecting nucleic acid derivatives are not very sensitive although some progress has been made by the use of labeling techniques. For a discussion concerning the formation, structure, and function of ribosomal RNA the reader is referred to the reviews of Madison (12) and Osawa (16) . The various aspects of determining the nucleic acid sequences and termini also have been recently reviewed by RajBhandary and Stuart (17) . Several papers have been published dealing with the identification of the 5'-linked termini of ribosomal RNA (7, 9, 10, 11, 13, 15) . From the studies on these termini, the results most consistently obtained are that there is a preferential termination of ribosomal RNA by adenosine and uridine. Exceptions to the rule are the investigations on wheat germ ribosomal RNA (9, 11) from whence equal amounts of each of the 4 nucleosides were isolated. Recently, evidence was presented from this laboratory which indicated that adenosine and uridine are the predominant 5'-linked termini of wheat germ ribosomal RNA as well as ribosomal RNA from 4 other higher plants and a fungus (6) . BECKER AND POLLARD-5'-LINKED TERMINI OF' RIBOSONIAL RNA n-propanol (20 ml). All chromatograms were run in the descending manner at room temperature on Whatman No. 1 chromnatographic paper.
Radioactivity of samples of chromatogram sections, electrophoretogram sections and of samples spotted on, filter paper was determined in a Packard 3003 Tri-Carb scintillation spectrometer with 15 ml of toluene containing 1,4-bis -2(4-methyl-5-phenyloxazolyl)-benzene (0.3 g/l) and 2,5-diphenyloxazole (5 g/l).
Unless indicated otherwise, all aspects of the preparation of nucleoside phosphotransferase were performed at 0 to 5°. Protein concentration was determined on the basis of the absorbance at 260 and 280 m,nA (20 (18 ,umoles/0.1 ml), 0.5 ml nucleosides (2 umoles/0.1 ml), 1 denced by the disappearance of the solid material, the tube was removed from the bath, allowed to cool to room temperature, and placed in a dry ice-acetone bath. At this time it was evacuated for 10 min with a vacuium pump to remove residual HCl. Immediatelv following the evacuation, 0.414 mmoles (57.6 mg) of p-nitrophenol dissolved in 0.26 ml of dry HCCl3 and 0.062 ml of dry pyridine were added to the reaction mixture. After closing the tube withi a glass stopper the tube was shaken occasionally and the reaction allowed to go to completion.
At the end of 30 min crushed ice (approximately 1.5 g) was added and the mixture was allowed to (18 ,umoles/0.1 ml), 0,5 ml uridine (2,moles/0.1 ml), 1 
Results
Purification of Nucleoside Phosphotransferase.
The enzymatic preparation obtained after the acetone and ammonium sulfate fractionations contained a considerable amount of transferase and phosphatase activity as evidenced by the rapid synthesis of 5'-UMP followed by the hydrolysis of the compound (Fig. 1) . The NaCl gradient elution of this crude nucleoside phosphotransferase preparation from the DEAE-cellulose column yielded an elution profile shown in Fig. 2 . Although separation of phosphatase and transferase activities was not achieved by this first DEAE-cellulose column a large portion of the "polyphenolic" compounds was removed. Further purification of the enzyme was achieved by the elution of the phosphatase and transferase activity from a second DEAE-cellulose column with a pH gradient. The elution profile (Fig. 3) shows that most of the phosphatase activity was eluted from the column rapidly and that the transferase activity, accompanied by some phosphatase activity, was eluted later. Preparation of (32p) p-nitrophenyl Phosphate. In a representative experiment, the yield of (32p) commercially available (Sigma) p-nitrophenyl phosphate (Fig. 4) . Partial hydrolysis (boiling in 6 N HCl for 10 mmin) and chromlatography as above, yielded 2 areas of radioactivity, one corresponding to phosphoric acid and the other to the originally synthesized product. Twso areas of UV absorbance were also observecd, one corresponding to p-nitrophenol and one to the product (Fig. 5) . The UN' Hydrolysis of the synthesized product bv both an acid and an alkaline phosphatase preparation vielded equivalent amounts of p-nitrophen,ol released as compared to the lhydrolysis of commercial p-nitrophenyl phosphate (table I). The acid phosphatase was prepared from sodium hypochlorite treated lettuce seeds (Lactiuca sativa L.. variety capitata L.), which had imbibed water overn>ight. The seeds were homogenized in a blender with cold 01 % NaCl and the supernatant after centrifugation served as the source of the en-zyme. The alkaline p)hosphatase preparation was from calf mucosa (Sigma).
Enzymatic Synthesis of Nucleotides. By utilizing the purified nucleoside phosphotransferase preparation, unlabeled p-nitrophenyl phosphate, and the respective nucleosides it was possible to determine which nucleotide isomer was enzymatically synthesized. This was accomplished by chromatographing a portion of the incubation mixture in solvent system B where the 2'(3') nucleotides travel faster than the 5'-nucleotides. By a comparison to standard nucleotides it was demonstrated that the 5'-nucleotides were the only derivatives synthesized.
Since some, phosphatase activity was still present in the purified nucleoside phosph-otransfexase prep- The incubation mixture consisted of 0.1 ml purified nucleoside phosphotransferase preparation, 0.025 ml (32p) p-nitrophenyl phosphate (0.53 ,moles/0.1 ml) and 0.05 ml uridine (5 mamoles/0.01 ml) in 1 M sodium acetate pH 5.1. The mixture was incubated at 370 and 20 ,ul aliquots withdrawn at the time intervals indicated. The aliquots were spotted on a paper chromatogram, thoroughly dried with a heat guln, and to these areas was added carrier UMP. The chromatogram was developed in solvent system B and the radioactivity in the UMP areas counted (see Materials and(l Methods). aration ( Fig. 3) it was necessary to demonstrate that a significant amount of radioactivity could be incorporated into minute quaintities of nucleosides. A time course of (32P)UMP formation was observed. At the end of 1, 2, 4, and 6 hr, aliquots were withdrawn from a glass stoppered centrifuge tube and spotted on a chromatogram. After drying of the mixture with a heat gun, carrier UMP was added. The chromatogram was developed for 30 hr in solvent system B. The UMNP areas were counted yielding the data shown in Fig. 6 . After 6 hr of incubation the net synthesis of (32P)UMP was 17 % of the theoretical.
Since a net synthesis of (32P)5'-lUMP could be attained, the n,ext step was to determine whether in a nucleoside mixture all the nucleosides were eqJually labeled. This was accomplished by incubating a mixture of ribonucleosides (5 m,unmoles each). The incubation conditions and the results obtained are shown in table II. It is evident that the incorporation of radioactivity into the nucleosides was approximately equimolar. Even with the ratio of substrate to acceptor of 100 to 1, saturating substrate concentrations were not achieved.
Identification of the CNucleoside Termtinii of Cauliflower Ribosomal RATA. The labeling of the nucleosides obtained from the alkaline hvdrolysis of cauliflower ribosomal RNA yielded a l)redominance of AMP and UMP (Fig. 7 and table 1II . This is in agreement with other studies from this laboratory (6) where spectrophotometry was utilized to estimate the nucleosides after separatiDn by paper chromatography. The presence of the much smaller quantitiies of cytidine and guanosine was not observed in the earlier studies and the fact that they were noted here could be attributable to the increased sensitivity of detection of the present method. 
Discussion
In the present studies nucleoside plhosphotransferase was isolated from carrot leaves because this tissue proved to be a much richer source than roots from which it had been previously isolated (4, 18, 19) . UnItil a homogenous enzyme preparation is obtained or phosphatase and transferase activities can be separated, it will not be possible to determine wlhether the enzyme possesses only transferase activity, or if both phosphatas,e and transferase activities are exhibited by a single enzyme.
For the synthesis of the (32P)p-nitrophenyl phosphate it was necessary to modify Axelrod's (1) method since micro-quantities of reactants could not be refluxed and distilled without suffering tremendous losses. In addition, in our hands, the major radioactive product obtained by his procedure behaved chromatographically like an impurity found in trace amounts in commercial p-nitrophenyl phosphate. This compound was not identified, but its spectrum was similar but not identical with that of p-nitrophenyl phosphate. Interestingly, the material was hydrolyzed by acid and alkaline phosphatases but did not serve as a phosphate donor for the transferase reaction. In the procedure described here, the methodology for the synthesis of the radioactive derivative is considerably simplified, the yield of product is substantial, and the product is highly radioactive. In conjunction with the nucleoside phosphotransferase enzyme, it is conceivable that radioactive phosphate ester derivatives could be svnthesized which hitherto have not been available. The intermediate, (32P)POC13, could also prove to be useful since it readily reacts with hydroxyl groups and therefore might be advantageous in organic synthesis.
On the basis of the results obtained and those mentioned previously (6) it is evident that adenosine and uridine are the major terminal 5'-linked nucleosides of cauliflower ribosomal RNA. Thus the correspondence of the results helps to validate the method. The major advantage of the procedure is Literature Cited
